ABSTRACT
INTRODUCTION
Generation cost optimization is done using the optimal power flow solution within the operating constraints of the power system. Reduction in the end consumer cost and congestion management is done using the OPF [1] [2] . Mathematical calculation is done with the help of Linear Programming [3] . Non Linear Programming [4] - [5] and [6] Quadratic programming (QP). In Newton-type , equality constraint and inequality constraint optimization is perform with the Karush-Kuhn-Tucker (KKT) and quadratic penalty terms are added [7] .Conversion of inequality constraint to equality constraint with non-negative slack variables [8] .Logarithm barrier function of slack variables for objective function [9] . Real coded GA chromosome and uniform mutation parameter in [10] . To increase the speed of calculation with reduction in operation time of optimization is with Dynamic mode optimization [11] . Simple Genetic algorithm used in [12] - [14] . In Enhanced GA (EGA) [15] the control variables and constraints included in the OPF and switchable shunt devices and transformer taps are modelled as discrete control variables.
After introduction this paper is organized as follows -Section II gives information about GA and application of GA is explained in section III. Section IV deals problem definition. Result of case study is discussed in Section V and Section VI summaries the conclusion.
OPTIMAL POWER FLOW PROBLEM STATEMENT
OPF Mathematical statements are as follows;
Where, u is the vector of control variables; x is the vector of dependent variables; f(x,u) is the objective to be optimized; g(x,u) are the equality constraints h(x,u) are the inequality constraints
In equation (1), the equality constraints are non linear power flow equations and the inequality constraints are the functional operating constraints , such as -branch flow limits (MVA , MW or A), load bus voltage magnitude limits, generator reactive capabilities ; slack bus active power output limits. The basic optimal power flow technique is to adjust the control vector u, so as move from one feasible solution point to a new feasible solution point in a specific search direction with the lower value of objective function.
BRIEF INTRODUCTION TO GENETIC ALGORITHM
It is an evolution process based on the theory of survival of the fittest. Evolutionary Programming seeks the optimal solution by evolving a population of candidate solutions over a number of generation or iterations. Genetic Algorithm is used for global function/control optimization. The genetic algorithm works on three basic operators-Reproduction, Cross-over and Mutation.
The process of genetic algorithm is summarized below. The objective of OPF has to be changed to the maximization of fitness to be used in the simulated roulette wheel.
Fitness Function
Where,
In equation (2), P 1 and P 2 are the penalty factors for inequality and equality constraints respectively, and f c is generation cost.
PROPOSED ALGORITHMS
Generally, solution of optimal power flow is obtained through the adjustment of control variables u in a specific search direction to obtain the optimal objective function by satisfying the equality and inequality constraints given in equation (1) . Convergence and time for convergence of the solution depends upon the technique and selections of the control and state variables. Conventionally, the voltages of buses with (minimum and maximum magnitude limits)are considered as the control variables, which are varied in a certain direction to obtain the state variables, which satisfies all constraints with optimal objective function. Here time required to obtain the solution depends on the size of the system.In this case, the GA utilizes large generations and without guaranteed convergence. Considering, the disadvantages of it, this paper suggests, four algorithms which speeds the solution and accuracy.
Let,
Where, V be the set voltage magnitudes of buses in a power system δ be the set angles of buses in a power system P be set of active power Q be the set of reactive power Let, B is set defined as,
Where, G is set of generating buses G L is set of load buses and C be set of controlled buses TL is the set of transmission lines T is set of transformers Let, MG Є G, is maximum generation capability bus. In this paper, it is assumed that this bus will supply the losses in power system.
The set of control variables and state variables can be chosen from these set for GA based optimal power flow. The proposed algorithms suggested for optimal power flow using the Genetic Algorithm is illustrated below sequentially.
Langrange's Multiplier Method:
This algorithm is similar to the algorithm (D) except the solution is obtained through conventional Langrange's Multiplier Method of optimization.
In all algorithms (A)-(C), the control and state variables are used to evaluate the equality and inequality constraints mentioned in equation (1), to obtain the power flow.
ALGORITHM (A):
In this Algorithm, the control variables and state variables are chosen as-
Using these set of control variables, the random population is generated and operator of GA are applied on it. For each random population, state variables are obtained by carrying out fast decoupled load flow. In this algorithm, the PV-PQ bus switching is not allowed during fast decoupled load calculations, as limits of reactive power capabilities of generators are considered under inequality constraints.
ALGORITHM (B):
This algorithm is similar to the algorithm (A) except for PV-PQ bus switching. In this algorithm PV-PQ bus switching is allowed during the fast decoupled load flow calculations.
ALGORITHM (C):
In this algorithm, more practical set of control variables are chosen as-
Fast decoupled load flow applied to obtain the state variables using control variables considered all possibilities of power system including PV-PQ bus switching.
ALGORITHM (D):
Bus voltages and angles are used as control variables in this algorithm as used in conventional OPF algorithm. State Variables are useful in evaluating equality and inequality constraints. Control Variables are used to obtain the objective function. GA can be directly used to obtain the optimal solution. Equation number (8) shows the useful control and state variables in this algorithm. This algorithm utilizes voltages and angles of buses as the control variables, like conventional OPF algorithm.
The control and state variables used in this algorithm are given in equation (8) .
CASE STUDY
The proper selection of control and state variables using algorithm (A)-(D) using genetic algorithm to obtain exact optimal solution and fast convergence rate is tested on standard IEEE-30 bus system[ figure 1 ]. The results of algorithms are compared with LMM result in the following sections. For the conduction of parametric study using GA, parameters given in table (1) are considered for each case. 
Result of LMM and Algorithm-A
Best result was observed at 0.6 mutation rate and crossover 0.4. The result is shown in the Table  2 .
In Table 2 , results of Algorithm A are compared with LMM. It is found that, all the generators supply power in Algorithm-A as compared to LMM, in which two generators does not supply power. The generator voltages are maximum and generator power is supplied by all the generators. The two buses violate the voltage setting in Algorithm -A as compared to LMM shown in Figure 10 . 
Result of Algorithm-B
Mutation rate 0.4 and Crossover rate 0.1 where best result was observed. The generator voltage profile is good as well the power supplied by generator is sufficient .The results are shown in the Table-3. 
Result of Algorithm-C
The mutation rate 0.4 and crossover 0.7, where best result was observed. Also it is observed that computational time reduced to 83.21251sec. From Table 4 ,it is observed that in Algorithm 3 ,the improvement in the generator voltage profile and the generator power and the computational time is less as compared to Algorithm A&B and the cost is also decreased to 89 $/ Mwhr. Large fluctuations in the function values are observed in Algorithm-A,while these variations reduces in Algorithm-B and surface is found to be more smooth in Algorithm-C. In Algorithm C, the average functional values are almost all constant, if the crossover probability and mutation probability simultaneously varies from 0.1 to 1.0 & 0.01,0.1 to 1.0 respectively. The CPU time varies from 80 to 100 sec, which is quite comparable with other Algorithms.
Result of Algorithm-D
The best result obtained at mutation 0.7 and crossover 0.4. From Table 5 ,it is observed that in Algorithm 4,the generator voltages are not constant , the voltage variation is large and the power generation is also reduced .The computational time is very large as compared to Algorithm A, B and C and the cost is also increased to 89.4$/Mwhour. It is observed from the figure9, that the computational time required is very large as compared to other algorithms. Cross over Probability Mutation Probability C o m p u t a t io n a l T im e s e c Table 10 , it is found that the control variables selected for algorithm C gives the best results which are nearer to the conventional LMM algorithm. The generator voltages and the loading of the generators are much better than other algorithms. The generation cost and the computational time is also better than all other algorithms. 
CONCLUSION
The proper selection of control variables and state variables in application of Genetic Algorithm for Optimal Power Flow solution will help to improve the overall performance of the GAOPF over the Conventional method. For a large size of power system and increased in the number of constraints, this GAOPF algorithm provide the best computational time and the generation cost/ fuel cost. On the basis of selection of control variables and state variables in Algorithm C, the speed of convergence rate increases and gives the best computational time and the generation cost.
